The whitefly *Bemisia tabaci* (Gennadius) (Hemiptera: Aleyrodidae) is one of the most devastating agricultural pests of tropical, subtropical and temperate regions of the world ([@iex048-B8], [@iex048-B15]) and has been listed as one of the world's 100 worst invasive alien species ([@iex048-B30]). *Bemisiatabaci* is a highly polyphagous insect that causes severe damage to more than 600 plant species either through direct feeding and excreting honeydew, or through the indirect transmission of more than 120 plant viruses primarily belonging to the genus Begomovirus (family Geminiviridae) ([@iex048-B26], [@iex048-B32]).

Different whitefly populations exhibit different features. By 2007, people used variable molecular features and biological behavior with respect to host plant range, plant virus transmission capabilities, the ability to cause disorders, attraction by natural enemies, and the degree of fecundity and/or insecticide resistance, to distinguish the so-called biotypes of *B. tabaci* ([@iex048-B4], [@iex048-B7], [@iex048-B26]). [@iex048-B16] indicated that the gene sequence for the mitochondrial cytochrome oxidase subunit-1 could be utilized as barcode for *B. tabaci* population classification. *Bemisiatabaci* is now considered as a cryptic species complex ([@iex048-B6], [@iex048-B17], [@iex048-B16]). Based on a Bayesian analysis of 366 mtCOI DNA sequences, *B. tabaci* is a complex of 11 well-deﬁned high-level groups, all separated by a minimum of 3.5% *mtCOI* nucleotide divergence ([@iex048-B17], [@iex048-B16]). Till now, at least 40 cryptic species have been found in the *B. tabaci* complex based on mtCOI sequence divergence ([@iex048-B21], [@iex048-B23], [@iex048-B22]; [@iex048-B3]; [@iex048-B2]; [@iex048-B27]; [@iex048-B34]; [@iex048-B28]). The existence of distinct cryptic species based on genetic distance is also supported by mating incompatibility ([@iex048-B18], [@iex048-B42], [@iex048-B45], [@iex048-B39], [@iex048-B35]) and genome studies ([@iex048-B44], [@iex048-B41]).

Middle East-Asia Minor 1 (hereon MEAM1, formerly B biotype) and Mediterranean (hereon MED, formerly Q biotype) are the most invasive and widely distributed cryptic species of *B. tabaci* complex. MEAM1 was deduced to have invaded China in the mid to late 1990s ([@iex048-B31]), while MED was first detected in China in 2003 ([@iex048-B11]). Cryptic species MED is displacing the earlier invader MEAM1 and become the predominant cryptic species due to rapidly developing pesticide resistance and highly competitive on field crops in China during the past few years ([@iex048-B9], [@iex048-B43], [@iex048-B47]). The field survey of the cryptic species of *B. tabaci* complex is critical to biological research and effective management ([@iex048-B5]). In China, large-scale field surveys on cryptic species composition and diversity of *B. tabaci* complex have been undertaken in some provinces such as Jiangsu ([@iex048-B50]), Shandong ([@iex048-B10]), Zhejiang ([@iex048-B29]), Hubei ([@iex048-B37]), Guangdong and Yunnan ([@iex048-B1]). The presence and distribution of different *B. tabaci* cryptic species in Henan is poorly known and limited to five localities sampled in the former campaigns ([@iex048-B11], [@iex048-B25], [@iex048-B21], [@iex048-B37]). No large-scale field surveys on *B. tabaci* complex are available for Henan until now.

The objectives of this study are to determine the cryptic species composition and distribution of *B. tabaci* complex in Henan, one of the most important agriculture and food provinces in China. This work provides updated information concerning the distribution of native *B. tabaci* populations in Henan province and the replacement caused by MEAM1 and MED, which will be important for pest control.

Materials and Methods
=====================

### Whitefly Sampling

*Bemisia* *tabaci* individuals (males and females) were collected from representative locations and plant species (from vegetables, ornamental plants and weeds, and from urban as well as agricultural landscapes) in Henan province in 2012. Details of sampling information were summarized in [Table 1](#iex048-T1){ref-type="table"}. Alive adult individuals of *B. tabaci* were collected in tubes containing 95% ethanol and stored at −20 °C prior to molecular analysis. Voucher specimens were deposited in the collection of the College of Food and Bioengineering, Henan University of Science and Technology. Table 1.Summary of the field surveyCity of collectionLocationCollection dateHost plantsCryptic species identified(1) PuyangSuburbJuly 2012*Gossypium hirsutum*MED (24)*Lycopersicon esculentum*MED (24)*Solanum melongena*MED (24)(2) AnyangSuburbJuly 2012*Solanum melongena*MED (23), Asia II 9 (1)*Gossypium hirsutum*MED (24)(3) HebiQixianJuly 2012*Gossypium hirsutum*MED (24)SuburbJuly 2012*Gossypium hirsutum*MED (24)*Humulus scandens*MED (24)(4) JiaozuoMengzhouJuly 2012*Solanum melongena*MEAM1 (20), MED (4)*Gossypium hirsutum*MEAM1 (10), MED (14)SuburbJuly 2012*Sesamum indicum*MEAM1 (24)(5) XinxiangYuanyangJuly 2012*Gossypium hirsutum*MED (24)SuburbJuly 2012*Gossypium hirsutum*MED (24)*Lycopersicon esculentum*MED (24)(6) ZhengzhouXinzhengAug. 2012*Gossypium hirsutum*MEAM1 (6), MED (18)*Cucumis sativus*MEAM1 (2), MED (22)*Solanum melongena*MED (24)(7) ShangqiuSuixianAug. 2012*Cucurbita moschata*MEAM1 (1), MED (23)*Helianthus annuus*MEAM1 (1), MED (23)MinquanAug. 2012*Gossypium hirsutum*MED (24)(8) KaifengLankaoAug. 2012*Gossypium hirsutum*MED (24)SuburbAug. 2012*Cucumis sativus*MED (24)(9) SanmenxiaYimaSep. 2012*Gossypium hirsutum*MED (24)JiaxianSep. 2012*Glycine max*MED (24)LingbaoSep. 2012*Helianthus annuus*MEAM1 (21), MED (3)(10) LuoyangSuburbAug. 2012*Ipomcea batatas*MEAM1 (22), MED (2)*Sesamum indicum*Asia II 9 (1), MEAM1 (12), MED (11)*Momordica Charantia*MEAM1 (16), MED (8)(11) XuchangYanlingSep. 2012*Solanum melongena*MED (24)*Cucumis sativus*MEAM1 (3), MED (21)*Ipomcea batatas*MED (24)*Nicotiana tabacum*MED (24)(12) LuoheLinyingSep. 2012*Solanum melongena*MEAM1 (2), MED (22)SuburbSep. 2012*Glycine max*China 6 (5), MED (19)(13) ZhoukouXiangchengSep. 2012*Solanum melongena*MEAM1 (12), MED (12)HuaiyangSep. 2012*Cucumis sativus*Asia II 3 (1), MEAM1 (5), MED (18)(14) PingdingshanSuburbSep. 2012*Lycopersicon esculentum*MEAM1 (10), MED (14)(15) ZhumadianQueshanSep. 2012*Gossypium hirsutum*Asia II 3 (2), China 6 (4), MEAM1 (9), MED (9)(16) NanyangXixiaSep. 2012*Lycopersicon esculentum*China 6 (3), MED (21)NanzhaoSep. 2012*Solanum melongena*Asia II 3 (8), MED (16)NeixiangSep. 2012*Solanum melongena*China 6 (3), MEAM1 (4), MED (17)*Gossypium hirsutum*Asia II 3 (8), MEAM1 (5), MED (11)(17) XinyangSuburbSep. 2012*Gossypium hirsutum*China 6 (8), MED (16)*Gossypium hirsutum*Asia II 3 (6), China 6 (4), MED (14)TotalJuly 2012--Sep. 201244Asia II 3, Asia II 9, China 6, MEAM 1, MED

### DNA Extraction and RAPD-PCR Analyses

Total DNA was extracted from adult individuals according to [@iex048-B14] and [@iex048-B19]. Herein, we analyzed 24 individuals' DNA for every host plant. A total of 1,056 individuals from 44 host plants were identified to putative cryptic species. The DNA of *B. tabaci* was analyzed by RAPD-PCR firstly to determine whether the individual belongs to MEAM1 or MED according to the methods of [@iex048-B14]. The primer H16 (5′-TCTCAGCTGG-3′) was used as a marker to generate the RAPD profile. Each PCR reaction was performed in a volume of 20 µl containing of 2.0 µl 10 × PCR buffer, 2.0 µl 10 mM MgCl~2~, 1.6 µl 2.5 mM dNTPs, 2.0 µl of template DNA, 1.0 U of *Taq* polymerase (Takara, Dalian, China) and 2.0 µl 10 µM primer. PCR procedure consisted of one cycle of 94 °C for 5 min, 40 °C for 2 min and 72 °C for 3 min, followed by 39 cycles of 94 °C for 1 min, 40 °C for 1.5 min and 72 °C for 2 min and a final extension of 72 °C for 10 min. Amplification products were analyzed with 1.5% agarose gel, and ethidium bromide-stained bands were recorded using a Gel-Doc 2000 system (Bio-Rad). Genotypes corresponding to putative cryptic species MEAM1 and MED were easily identified based on RAPD banding patterns. 16 individuals belonging to MEAM1 or MED and all individuals shown not to belong to MEAM1 or MED were subjected to *mtCOI* sequence analysis.

### *mtCOI* Gene Amplification and Sequencing

The individuals from each host plant shown not to belong to MEAM1 or MED and some individuals belonging to MEAM1 and MED were selected for mtCOI sequencing. A fragment of the *mtCOI* gene (866 bp) was amplified via PCR using universal primers C1-J-2195 (5′-TTGATTTTTTGGTCATCCAGAAGT-3′) and TL2-N-3014 (5′-TCCAATGCACTAATCTGCCATATTA-3′). Reaction conditions were with a cycle consisting of an initial denaturation of 94 °C for 5 min, followed by 35 cycles of 94 °C for 45 s, 50 °C for 1 min and 72 °C for 1.5 min, and a final extension of 72 °C for 10 min. PCR products were separated on 1% agarose gels, and bands were visualized by ethidium bromide staining under UV light source. PCR products were purified using the Agarose Gel DNA Purification Kit (Takara, Dalian, China). The PCR products were ligated into the pMD18-T vector (Takara, Dalian, China) and sequenced in GenScript Co., Ltd (Nanjing, China). A total of 32 new sequences of *mtCOI* were deposited in GenBank (Accession numbers KY100008 to KY100039).

### Sequence Alignment and Phylogenetic Analysis

The sequences obtained here were aligned using ClustalX 1.81 of BioEdit. The 32 sequences obtained from the above analysis were supplemented with a further 56 sequences from GenBank. Aligned with consensus sequences proposed by [@iex048-B17], all the sequences were unified as 657 bp length for genetic distance and phylogenetics analyses. Genetic distances among 20 *B. tabaci* cryptic species (19 reported in previous studies and one new cryptic species detected in this study) were calculated as mean Kimura two-parameter sequence divergences as implemented in MEGA 6.06 ([@iex048-B40]) and tabled as a distance matrix ([Table 2](#iex048-T2){ref-type="table"}). Sequence of *Bemisia afer* (Priesner and Hosny) (AJ784260) and sequence of *Trialeurodes vaporariorum* (Westwood) (AF418672) were selected as outgroups (see [Fig. 2](#iex048-F2){ref-type="fig"}). The phylogenetic tree was constructed using Bayesian methods as implemented in MrBayes (ver 3.1; [@iex048-B24]). The most appropriate model of sequence evolution (GTR + I+gamma) was selected using Modeltest (ver. 3.7; [@iex048-B33]). Four chains were run for 30 million generations, and sampling every 1000th generation. The 25% initial states were discarded as burn in of the analysis. The nomination of putative cryptic species was according to [@iex048-B17] and [@iex048-B21]. Table 2.Mean Kimura two-parameter genetic distances among *B. tabaci* cryptic species based on *mtCOI*12345678910111213141516171819201. Asia I02. Asia II 10.15803. Asia II 20.1400.05604. Asia II 30.1740.1310.07105. Asia II 40.1640.1150.0540.04106. Asia II 50.1720.0970.0900.1250.11507. Asia II 60.1750.1170.1200.1480.1420.06608. Asia II 70.1390.0950.1040.1250.1220.1120.11209. Asia II 80.1490.1310.1110.1140.1320.1230.1320.119010. Asia II 90.1660.1240.0870.0510.0730.1100.1330.1120.122011. Asia II 100.1410.1340.1020.1050.1120.1380.1310.1150.1230.096012. Asia III0.0760.1600.1370.1620.1490.1680.1640.1390.1590.1580.143013. China 10.1320.1480.1240.1500.1450.1360.1450.1450.1470.1440.1320.125014. China 20.1260.1540.1350.1520.1510.1430.1550.1340.1430.1360.1320.1270.038015. China 30.1400.1520.1240.1500.1590.1530.1530.1370.1280.1370.1310.1320.1140.103016. China 40.1360.1410.1180.1300.1410.1470.1610.1420.1350.1320.1410.1390.1140.1030.099017. China 50.1490.1560.1370.1540.1610.1630.1610.1490.1400.1400.1280.1220.1250.1150.0480.110018. China 60.1330.1660.1440.1590.1630.1670.1850.1540.1630.1490.1390.1340.1060.1020.1280.1080.130019. MEAM10.1650.1700.1150.1720.1510.1730.1830.1760.1580.1660.1740.1750.1590.1570.1500.1610.1580.170020. MED0.1630.1740.1320.1740.1670.1810.1770.1720.1620.1580.1720.1830.1660.1620.1640.1680.1760.1770.0530

Results
=======

### Distribution of the Invasive *B. tabaci* Cryptic Species

Extensive whitefly surveys were conducted in 2012 from multiple locations in Henan province, China ([Table 1](#iex048-T1){ref-type="table"}). The results obtained in this study showed that cryptic species MED was widely distributed across Henan province ([Table 1](#iex048-T1){ref-type="table"} and [Fig. 1](#iex048-F1){ref-type="fig"}). Cryptic species MEAM1 was found in Zhengzhou, Kaifeng, Shangqiu, Zhoukou, Zhumadian, Nanyang, Luoyang, Shanmenxia, Xuchang, Pingdingshan and Jiaozuo, but not found in Puyang, Anyang, Hebi, Xinxiang, Luohe and Xinyang. Compared to other cryptic species, MED has become the predominant cryptic species in Henan province ([Table 1](#iex048-T1){ref-type="table"}). Fig. 1.Distributions of the different cryptic species belonging to the *B. tabaci* complex in Henan province, China. Insert is a sketch map of China highlighting the eara sampled.

### Distribution of the Indigenous *B. tabaci* Cryptic Species

Among the specimen, 16 specimen did not match the RAPD profile of MED or MEAM1. We sequenced the mtCOI gene and compared the sequences of those specimen to that of the known cryptic species. Finally, we found 7 specimen matched to the mtCOI of cryptic species Asia II 3 and 2 specimen matched to the mtCOI of cryptic species Asia II 9 based on the method of [@iex048-B17]. In this analysis, *B. tabaci* Asia II 3 were distributed in Zhoukou, Nanyang, Zhumadian and Xinyang. *Bemisiatabaci* Asia II 9 was found in Anyang and Luoyang. However, the mtCOI sequences of the rest 7 specimen from our samples have pairwise divergences that exceed 3.5% either with the consensus sequences or between themselves. Thus, these specimen represent a new putative cryptic species, and it was clustered into a same clade with China 1, China 2, China 3, China 4 and China 5 with the posterior probability of 0.71 ([Fig. 2](#iex048-F2){ref-type="fig"}). Furthermore, China 5 was newly reported and found in Yunnan province, China ([@iex048-B22]), so we named the new putative cryptic species in our study as China 6. China 6 is distributed in the south of Henan province including Nanyang, Luohe, Zhumadian and Xinyang. The distributions of the different indigenous cryptic species across Henan province are shown in [Fig. 1](#iex048-F1){ref-type="fig"}. No indigenous cryptic species were found in Shanmenxia, Luoyang, Pingdingshan, Jiaozuo, Xinxiang, Hebi, Puyang, Kaifeng, Shangqiu and Zhengzhou. Fig. 2.Phylogenetic tree based on the Bayesian analysis of mtCOI sequences. Posterior probabilities are indicated at nodes. Species indicated by \* was identified as being new species when pairwise sequence divergence exceeded 3.5%.

### Phylogenetic Analysis

The phylogenetic reconstruction based on 88 mtCOI sequences is shown in [Fig. 2](#iex048-F2){ref-type="fig"}. The 866-bp fragments of the mtCOI sequence was obtained from 32 adult *B. tabaci* collected in Henan province in 2012 followed by DNA sequencing. The sequence data generated for 32 specimen have been submitted to NCBI database. In the phylogenetic analysis, all Asian indigenous species were clustered into a larger clade ([Fig. 2](#iex048-F2){ref-type="fig"}). A total of 11 whitefly sequences collected from Henan province clustered with the MED, 5 with the MEAM1, 7 with the Asia II 3, 2 with the Asia II 9 and 7 with the China 6. Genetic distances among the Asian members of *B. tabaci* complex ranged from 0.038 to 0.185 ([Table 2](#iex048-T2){ref-type="table"}).

Discussion
==========

Understanding cryptic species composition and diversity within the *B. tabaci* complex is critical for developing sustainable and effective approaches for *B. tabaci* and whitefly-transmitted diseases control. Our survey shows that both MED and MEAM1 are widely distributed across Henan province ([Table 1](#iex048-T1){ref-type="table"} and [Fig. 1](#iex048-F1){ref-type="fig"}). Though the overall distribution of the two invaders largely overlapped, we observed a considerable disparity in relative abundance in open field crops ([Table 1](#iex048-T1){ref-type="table"}). Furthermore, the survey data suggest that the existence of MEAM1 was not found in some regions including Puyang, Anyang, Hebi, Xinxiang, Luohe and Xinyang ([Table 1](#iex048-T1){ref-type="table"}). Chu et al. (2006) reported that *B. tabaci* MEAM1 and MED cryptic species were found in Zhengzhou. [@iex048-B25] reported that *B. tabaci* MEAM1 and MED cryptic species were found in Zhengzhou. [@iex048-B21] reported that *B. tabaci* MEAM1 and MED cryptic species were found in Henan. [@iex048-B37] reported that *B. tabaci* MEAM1 cryptic species was found in Xinyang. In this study, we only found MED cryptic species in Xinyang and the ratio of MED identified was much higher than MEAM1 in Zhengzhou. From these results, we can know that MED is displacing the earlier invader MEAM1 in Henan province. The same displacement also has been reported in other provinces of China such as Shandong ([@iex048-B9]), Hubei ([@iex048-B37]) and Zhejiang ([@iex048-B21]). The effects of differential resistance to various insecticides of MED and MEAM1 has been shown by [@iex048-B12],[@iex048-B13]) to be a key factor in MED's capacity to displace MEAM1. As far as we know, the control of harmful insects in Henan province is mainly depended on insecticides ([@iex048-B49]), which may lead MED to spread and displace MEAM1 continuously.

Aside from MED and MEAM1, the data also show that the presence of three indigenous *B. tabaci* cryptic species including Asia II 3, Asia II 9 and China 6 in Henan province ([Fig. 2](#iex048-F2){ref-type="fig"}). This is the first time to report the existence of the indigenous *B. tabaci* cryptic species in Henan province. The indigenous *B. tabaci* cryptic species were successively found in other provinces of China from 2006 to 2016 ([@iex048-B48]; [@iex048-B36]; [@iex048-B21], [@iex048-B23]; [@iex048-B37]; [@iex048-B20]; [@iex048-B46]; [@iex048-B28]). By 2016, the number of the indigenous *B. tabaci* cryptic species has reached 13 and the indigenous cryptic species in different provinces are not the same. It can be seen that the indigenous *B. tabaci* cryptic species are not only distributed in the south and the southeast coastal areas of China, but also can be found in the central regions of China. However, all of the researches demonstrated that the indigenous *B. tabaci* cryptic species remained with low prevalence in agricultural areas of China.

MED and MEAM1 have invaded many parts of the world and in many regions has displaced the indigenous population of *B. tabaci* ([@iex048-B8], [@iex048-B6], [@iex048-B29]). Our data showed that the complete displacement of the indigenous population of *B. tabaci* by invading MEAM1 and MED has not yet occurred in Henan province. This study speculated that the indigenous population of *B. tabaci* still exist and may be due to the complex terrain in southern region of Henan province, the mild climate conditions and the small amount of insecticide application, and which may also affect the competing between the indigenous and invasive cryptic species. [@iex048-B21] reported that indigenous cryptic species occurred more frequently in areas of less intense, small plot farming activity where they were observed to feed on hosts such as *Ipomcea batatas*, *Glycine max*, and *Humulus japonicas*. Our results also showed that indigenous cryptic species occurred more frequently in mountain area on hosts such as *Ipomcea batatas*, *Glycine max*, and *Sesamum indicum*. Indigenous cryptic species may have a specific preference to these host plants, therefore, this may be a key factor that indigenous cryptic species has not been replaced by the invasive cryptic species. The mechanisms of competitive replacement between the indigenous whitefly cryptic species and the invasive ones are worthy of further study.

This current study for the first time unifies our knowledge of the diversity and distribution of *B. tabaci* across Henan province of China. The data from RAPD-PCR and the mtCOI based phylogeny and pairwise sequence divergence analysis supported the existence of five cryptic species namely MED, MEAM1, Asia II 3, Asia II 9 and China 6 in Henan province. The information generated here could be useful for monitoring future patterns of whitefly population diversity, abundance and displacement. It would be interesting to conduct more intensive surveys in Henan province to evaluate whether the diversity of *B. tabaci* cryptic species is higher than that described so far.
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